43-
. Nutritional deprivation accelerates protein degradation that occurs in lysosomes and is mediated by bulk uptake of portions of cytoplasm into autophagic vacuoles (Ballard, 1977 ; Glaumann el al., 1981; . On the other hand, the extent to which lysosomes contribute to protein turnover during basal or non-induced (non-accelerated) conditions is not fully understood. However, Mortimore and co-workers (Mortimore & Ward, 1981; Mortimore et al., 1983) , Dean (1975) and Henell & Glaumann (1985) have presented data from the perfused rat liver in favour of the notion that lysosomes are also engaged in basal proteolysis.
Cytoplasm may enter the autophagic vacuolar apparatus by at least two routes. One is macroautophagy (De Duve & Wattiaux, 1966) , which entails the segregation of discrete portions of cytoplasm, including entire organelles, within a membrane-bound-structure, the autophagic vacuole. This is believed to acquire hydrolytic enzymes mainly by fusion with dense bodies, an event that initiates intralysosomal digestion. The other pathway is microautophagy (Novikoff & Shin, 1978; Marzella et al., 1980; Ahlberg el al., 1982; Ahlberg & Glaumann, 1985) . This process involves invagination of the lysosomal membrane and the ensuing formation of intralysosomal vesicles, which are equivalent to pinocytotic vesicles. The membranes of these vesicles are subsequently thought to be digested or opened up, whereby the internalized material is exposed to hydrolytic enzymes.
Proteolytic inhibitors such as leupeptin (Neff et al., 1979) , pepstatin (Dean, 1975) and an excess of amino acids (Neely et al., 1977; Seglen et al., 1980) have been used as tools to distinguish between lysosomal (affected by inhibitors) and non-lysosomal (less or not affected) pathways of protein degradation. The finding that none of the lysosomal inhibitors is capable of fully blocking total protein degradation in intact cells is one of the main lines of evidence for the concept of dual or multiple pathways of protein breakdown (Ballard, 1977 , Neff et al., 1979 .
This study was undertaken to investigate the role of lysosomes in overall protein degradation under basal conditions by three different experimental approaches. These include: (1) morphometric analysis of the lysosomal apparatus during liver perfusion in the presence of leupeptin, ( 2 ) evaluation of the effects of inhibitors of lysosomal function when applied to isolated lysosomes, and (3) assessment of the relative share of various subcellular fractions in overall cell protein degradation.
Materials and methods
Animals and liver perfusion. Livers from non-starved Sprague-Dawley rats (200-230 g) were perfused cyclically for 2 h , either in the presence of 100pM-leupeptin or without inhibitor, as described by Beije (1983). Amino acids were added to the perfusate to attain levels equal to four times their normal plasma concentration, except for leucine which was included at a higher concentration (2.9 mM) to prevent re-utilization of isotope (Neff et al., 1979) .
Electron microscopy and morphometric analysis. Liver specimens were fixed and processed for electron microscopy and morphometric analysis was performed as described by Henell & Glaumann (1985) .
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Measurements of overall protein degradation in subcellular fractions. Livers from non-starved male rates (1 50-200 g) were used. Lysosomes and autophagic vacuoles were isolated as described by Ahlberg et al. (19823) and Marzella et al. (1982) , and the Golgi complex and microsomes as described by Sandberg et al. (1980) . The animals were injected with L-[ 1-14C] leucine (25 pCi/ lOOg) for 15, 30 and 120min (short-labelling or short chase time) and 1 6 h (long-labelling or long chase time) before killing. Subcellular fractions were incubated at 37°C after appropriate pH adjustment. Generation of acid-soluble activity during incubation was used as a measurement of protein degradation.
Measurement of proteolysis in the perfusate. Proteins were labelled by an injection of ~-[ l -'~C ] l e u c i n e ( 2 5~C i / lOOg) 30min or 1 6 h before killing the rats. Release of acid-soluble degradation products was monitored by taking aliquots (1 ml) of the perfusate. Proteolysis was defined as acid-soluble radioactivity in the perfusion fluid divided by initial label in the liver (Henell & Glaumann, 1985) .
Results and discussion
Liver perfusion. Perfusion of livers for 2 h in the presence of four times the normal plasma concentration of amino acids did not cause any augmentation of the fractional cytoplasmic volume of the autophagic-lysosomal compartment in hepatocytes (Fig. 1) . Parallel measurements of protein degradation in the perfusate (release of degradation products) gave a proteolytic rate of 1.74%/h. This value is equivalent to a previously estimated rate (lS%/h) for protein breakdown in liver cells during basal conditions . Thus, both the morphometric and biochemical assessments demonstrated that the addition of amino acids was sufficient to attain proteolysis at basal level.
Addition of leupeptin evoked a linear increase in the fractional volume of the autophagic-lysosomal apparatus amounting to 1.34%/h. Since proteolysis proceeded at basal rate this means that sequestration of cytoplasm into the lysosomal compartment occurs also during non-induced states of protein degradation. In fact, the influx of cyto- plasm per hour into the lysosomal apparatus corresponded to some 75% of the overall protein degradation as measured in the perfusate (1.34% influx/h divided by 1.74%, which was the assessment of overall protein degradation of the same perfused livers).
Effect of lysosomal inhibitors on isolated lysosomes. The morphometric measurements indicate that lysosomes also play an important role when proteolysis proceeds at basal level. This is at variance with the general notion, namely that most proteolysis during basal states takes place extralysosomally. This concept is based on the minimal effect of a number of inhibitors in suppressing protein degradation in intact cells during basal state. However, a prerequisite for this assumption is that the inhibitors completely block lysosomal degradation, since, operationally, the inhibitorsensitive portion is equated with the lysosomal contribution. To directly explore the effects of the inhibitors on their supposed targets of action, they were added to isolated lysosomes and measurements of the degree of inhibition of protein breakdown made (Ahlberg et al., 1985) . Both short (30min) and long (16h) chase periods were tested to obtain experimental conditions under which the degradation products were derived preferentially, if not exclusively, from either short-lived or long-lived proteins (Neff et al., 1979) .
The lysosomes were preincubated for 60min with the inhibitors at 4°C (pH 7.0) and then incubated at 37°C (Ahlberg er al., 1985) . Maximal inhibition was obtained with chloroquine followed by leupeptin, propylamine and pepstatin in decreasing order of magnitude (Fig. 2) . Similar results were recorded for both short-and long-lived (not shown) proteins. Various combinations of the inhibitors were also evaluated. In these cases proteolysis was not completely blocked. Sonication and addition of detergent did not significantly increase the suppressive effect of the inhibitors, apparently excluding the possibility that insufficient permeation could explain the lack of total inhibition.
Estimation of overall protein degradation in subcellular fractions. A balance sheet of the relative contribution of different organelles to overall protein degradation in the homogenate is presented in Table 1 . To this end, proteins were labelled 30min and 16 h before killing. Generation of acid-soluble radioactivity was negligible in the microsomal, mitochondria1 and Golgi fractions, independent of pH and labelling time. In the cytosol, a higher degree of proteolysis was noted for short-lived proteins as compared with longlived proteins, especially when measured at pH 7. (long-lived) of the protein degradation in the homogenate. Our data support the notion that some proteolysis occurs extralysosomally, especially when using a labelling protocol that allows monitoring of degradation products from preferentially short-iived proteins. However, also in the case of short-lived proteins, the majority of protein degradation could be attributed to the lysosomal fraction when measured in this system in vitro.
Conclusions
In this study three means of evaluating the role of lysosomes for overall protein degradation were compared. Our results indicate that the lysosomal-autophagic route is also of great importance for protein degradation during basal states of degradation. The morphometric data from the perfused liver in the presence of four times the normal concentration of amino acids and in the presence of leupeptin demonstrated that the sequestration of cytoplasm into the lysosomes is operating during basal conditions of protein breakdown also. This was quantified to proceed at 1.34%/h and accounted for 75% of the overall proteolysis, as assessed by monitoring degradation products in the perfusate.
Furthermore, when proteolysis was assessed in a system in vitro by incubation of various subcellular fractions, peak protein degradation occurred in the lysosomal fraction. This was true also for the labelling protocol designed to monitor preferentially degradation of short-lived proteins. Thus, with this approach also we arrived at the conclusion that most proteolysis occurs in lysosomes.
The data presented here clearly show that inhibitors of lysosomal enzymes impede their supposed target of action, the lysosome. However, we were unable to obtain complete inhibition of proteolysis in isolated lysosomes with any lysosomal inhibitor. Therefore, when using such inhibitors to assess lysosomal proteolysis the relative contribution of lysosomes to protein degradation could be underestimated, unless it is ascertained (e.g. application of combinations of inhibitors) that they, in the experimental system used, completely block lysosomal protein breakdown.
